Science, technology, engineering, and mathematics (STEM) skills are very valuable for economic growth. However, the number of young people pursuing STEM learning trajectories in the United Kingdom was lower than the predicted demand during the last decade. Several STEM enrichment and enhancement activities were thus funded by the government, private, and charitable organisations to improve understanding of and raise pupil interest in these subjects. One possible way of measuring the impact of these activities in supporting pupil understanding of maths was to track the proportion of young people obtaining a 'good' grade in standardised national tests such as the GCSEs. Attainment is of course only one possible outcome of education but certainly a very important one because students are more likely to continue studying subjects in which they score higher. This makes maths attainment even more important as it is a pre-requisite for admission to STEM degree courses. This longitudinal study makes use of the National Pupil Database to assess the impact of these schemes on maths attainment of participating schools. Following up 300 intervention schools for five years the study shows the intervention group did not do any better than the comparator. The paper suggests further directions for research and offers recommendations for practice.
Introduction
During the last decade, science, technology, engineering, and maths (STEM) education was increasingly seen as a key contributor in providing a highly skilled workforce for the continued economic development of the United Kingdom (SEMTA, 2010) . Research commissioned by the Science Council in 2010 suggested that by 2017 over 58% of all new jobs will require STEM skills (Garnham, 2011) . This demand for STEM skills was over and above the national demand at that time (but see Smith & Gorard, 2011; UKCES, 2015) . A good predictor of the ease of meeting this future demand was the number of students studying STEM subjects post-16 (Ofsted, 2011a) . It was shown that there were likely to be fewer STEM graduates than had being projected as a future requirement (Ofsted, 2011b) . This was worrying as it could thwart the UK's economic progress since STEM skilled workers play a crucial part in scientific advancement, and in keeping up with competitive standards as global leaders (Royal Society, 2011) .
Some basic STEM skills can be fostered by studying a single STEM subject for level 3 qualifications, however progression to STEM careers can only be met with an undergraduate degree in a related subject. SCORE (2010) concluded in addition to other course-specific criteria that admission tutors highly value maths qualifications when offering places into any STEM undergraduate degree programme. This is because competence in maths is a very important element in preparing young people for these degrees (Hodgen, Pepper, Sturman, & Ruddock, 2010 ). An evidence-based forecast of whether this predicted STEM demand could be met was reflected in Ofsted reports (2011a Ofsted reports ( , 2011b . The reports showed student progression rates to specialist science and maths courses were very low. Although enrolment to these courses in colleges had improved in recent years, it was not sufficient. Amongst those who opted to study STEM subjects post-16 many of them were ineligible for pursuing STEM undergraduate courses as they had a single level 3 STEM qualification which often excluded maths (Hodgen, Marks, & Pepper, 2013; Ofsted, 2011a Ofsted, , 2011b .
A difficulty was thus foreseen in meeting the anticipated STEM skills demand (Behr, 2011) . Factors affecting student subject choices are deeply embedded in a specific social and educational framework. These cannot be easily shifted and there are no ready policy measures to change the picture (Banerjee, 2016b; Rodeiro, 2007) . To combat this problem, a wide range of schemes was designed and implemented (POSTNOTE, 2011) with three main objectives: (a) to develop a better understanding of science and maths; (b) to link science and maths as done in the classroom to STEM done in the real world; and (c) to break the myth held by young people-'STEM is meant only for the brainy' (DeWitt, Archer, & Osborne, 2013) , thereby, encouraging pupil participation in STEM subjects. Sustained efforts have been made since at least the start of 2000; how successful have these been?
Policy background
The Trends in International Mathematics and Science Study (TIMSS) uses internationally comparative assessments dedicated to improving teaching and learning in maths and science for students around the world. This study is carried out every four years at the fourth and eighth grades. Detailed information about maths and science curriculum coverage and implementation, as well as teacher preparation, resource availability, and the use of technology, is collected. TIMSS outputs about trends in maths and science achievement over time inform educational policy in the participating countries. The research reports showed English pupils' actual achievement in maths had improved between 1995 and 2007 and had plateaued between 2007 and 2011. TIMSS also showed students with positive attitudes towards these subjects attained higher (Sturman, Burge, Cook, & Weaving, 2012; Sturman et al., 2008) . This was perhaps the justification for the plateau. The proportion of young people in the UK with a positive attitude towards maths was around 10 percentage points below the international average in 2007 (UK Parliament, 2011) .
Given the growing demand and limited supply of STEM skilled people in the UK this was worrying as pupil aspirations by the age of 14 give a good indication of their willingness to continue with STEM when they get older (Archer et al., 2012; Ing & Nylund-Gibson, 2013) . Interventions early on in the academic life of a pupil were thus likely to be more effective.
Policymakers thus targeted STEM attrition in schools, with the rationale of retaining more students in science and maths in secondary school-supposedly a low-cost, fast, and efficient way of producing the STEM professionals the nation would need. Several funded STEM enhancement and enrichment activities were run to increase pupil confidence and competence in science and maths. These approaches hoped to redress educational outcomes by increasing knowledge and improving understanding. Attainment is of course only one possible outcome of education but certainly a very important one. First, students achieving higher are more likely to continue studying these subjects. Second, a good level 3 maths qualification is essential for admission to most STEM undergraduate degree courses.
Low attainment in maths is common among some social groups. Several contextual indicators are now known to be linked to attainment. Schools with a higher percentage of disadvantaged pupils for example do not always rank very high in performance tables. It is important to address both of these issues, efforts towards which have been done by the introduction of the brilliant initiative evaluated here-STEM enrichment and enhancement activities. Beginning in 2000 the initiatives, schemes, and budget have all increased considerably (DCSF, 2004) . However, major studies or surveys of participating schools and students, looking at the long term impact these schemes have in improving achievement in STEM subjects, are relatively scarce (Wynarczyk, 2008; Wynarczyk & Hale, 2009 ). There have of course been short term programme evaluations which capture pupils' and teachers' experiences during and immediately after the programme but these have little or nothing to do with solid evidence about whether students' lives were changed. There is a growing need to evaluate what works to be able to build on the best ones to achieve better results for the same amount of money (DfE, 2014; DfES, 2006) . Analysing large scale secondary datasets, this new research evaluates the impact some of these enrichment and enhancement activities have had on raising school attainment and narrowing the achievement gap. In this paper, achievement gap is defined as the observed, persistent disparity of educational measures between the performances of groups of students, especially groups defined by socio-economic status (SES) as considered by the Department for Education UK.
The intervention-STEM enrichment and enhancement activities included in the study STEM enrichment and enhancement providing organisations deliver several activities throughout the year. These are in the form of hands-on activities, engaging and fun sessions, inspirational talks delivered by STEM Ambassadors and people successful in STEM careers, maths challenges and fun sessions, and often as faculty mentoring programmes run by higher education institutions. All activities considered here were delivered as after-school clubs, competitions, or out-reach programmes. The common elements linking these programmes were the objectives and practical element involving active participation of students in some kind of set-up beyond in-school teaching. The same activity providers delivered a variety of activities under a common underlying theme to engage students. The providers had a list of registered schools whom they catered to year after year (Appendix). Further, during initial discussions with the heads or point of contact of these organisations one of the goals all of these providers hoped to achieve was to help young people develop a better understanding of maths and to help them attain higher. Several organisations run such programmes in England; the criteria used for screening activity providers for this research project were:
(1) The activities were designed to improve the understanding of students in maths.
(2) The schemes were delivered from the beginning of KS3 to the end of KS4 in England. (3) All chosen initiatives claimed to improve educational outcomes. (4) None of these activities were one-day events; they were delivered at different times across the year in the form of advanced follow-up versions of the previous event. (5) All of these programmes reported data which could be used to estimate an effect size. (6) Outcome effectiveness of these interventions could be measured in terms of GCSE performances. (7) All chosen programmes had sustained participation of schools. (8) Programme leaders were willing to co-operate and share data for the research project.
Methods
Have school performances been affected as a result of their pupil engagement in STEM initiatives? Do participating schools have a higher share of young people obtaining higher grades in maths? These questions are addressed via a quasi-experimental study-'quasi' because the researcher was not delivering any intervention, and the cases were not allocated randomly. Such evaluations can provide information about naturally occurring events, behaviour, attitudes, or other characteristics of a particular group. Also, these studies are helpful in demonstrating associations, for example here between STEM initiatives and maths attainment, without disturbing the educational setting or introducing a bias. The educational performances of about a 1000 identified intervention schools were compared with all other schools year-wise in a snapshot. From these 1000 schools, 300 schools were identified which enrolled the 2007/08 cohort of their Year 7 pupils in STEM schemes every year from the beginning of KS3 till the end of KS4 when this cohort took GCSEs. GCSE maths results were the outcome measure for assessing the impact of STEM initiatives.
Data
Based on the screening criteria, 10 activity providers (anonymised) in England were a part of this study and provided names of participating schools (Table 1) . Eight of these were government organisations, one an educational charity, and one received public funding. Programme delivery to 11-14 year olds at these organisations was observed to get an idea of what the actual activity entailed. The providers shared details of the programmes and instruction materials with the researcher. For a more detailed discussion of the research protocol please see Banerjee (in press-a).
The study made use of school and pupil level annual census datasets and performance tables from the National Pupil Database. The National Pupil Database (NPD) contains detailed information about individual pupils in schools and colleges in England. In a longitudinal study such as this, it is possible to track the learning trajectory of a child through the NPD even if the student changes schools as long as all of the schools attended are in England. This reduces attrition.
Data made available for this research project by the NPD were the most up-to-date at that point in time and covered from 2007/08 to 2011/12 for GCSEs and 2013/14 for A-levels. The standard KS4 extract requested for this project combined KS4 attainment with prior attainment at KS1, KS2, and KS3, and spring census data from the current academic year (and previous six years), undertaken by schools. All school and pupil level data used for analysis here are amended data. All special schools, pupil referral units, and independent schools were excluded from the study. State maintained schools included were academies, city technology colleges, voluntary aided, voluntary controlled, and foundation schools.
Repeated cross-sectional design-school-level data
A repeated cross-sectional research design was used to assess the impact of STEM initiatives on school maths performances. Each provider had a set of schools registered for each academic year which meant a range of STEM enrichment activities were delivered to all pupils in these schools throughout the academic year. However, schools were free to continue or discontinue their registration with the provider for the next academic year. Some schools were registered with one, two, three, and at times four activity providers. All schools registered with at least one STEM activity provider for each academic year were shortlisted. This group was termed as the intervention group. The comparator group was the population of all other secondary schools excluding special schools and those schools for which attainment data were not available (such as independent schools). Thus for this design the comparison between intervention and comparator was year-wise. This is because there were almost always new schools joining each academic year and a proportion who decided to discontinue. Schools were included in the intervention group for the years they were registered for this snap-shot. Through correlation techniques and comparison of population means, maths attainment figures were compared between groups year-wise from 2007 to 2012.
Longitudinal design-school-level data
Three-hundred state maintained secondary schools were identified from the intervention group in the repeated cross-section design dataset. The Year 7 cohort of 2007 of all of these schools had continuously participated in STEM activities every year beginning from KS3 until the end of KS4 when they took their GCSEs. The number of organisations the schools registered with varied from a minimum of one to a maximum of four out of the 10 organisations being considered in the study. This meant students from these longitudinal intervention schools were exposed to an age-appropriate advanced version of STEM activities every following year. The final dataset carried details of school census, attainment data, and participation in STEM schemes. Mean school GCSE performances for the longitudinal intervention group were then mapped before and after intervention in 2007 and 2012, respectively. Population means, correlation coefficients, and achievement gaps were then estimated.
During these five years when the longitudinal intervention was delivered, some schools closed and some new schools were opened. A school was included in the longitudinal intervention group only if it participated consistently each year. Thus if a school participated for some years but closed even during the last year of data collection it was excluded. Similarly, if a school just opened during the second year of data collection and participated every following year it was still excluded. Some schools converted into academies, and the new URN was checked in NPD records and Edubase to ascertain it was the same school. All such schools were included only if they participated each year.
During face-to-face meetings some activity providers claimed to know certain schools which had never enrolled with STEM activity providers but these names could not be disclosed by them due to data protection reasons. Thus, in the absence of clearly matched data the national performance was considered. All secondary schools in England following the National Curriculum whose school results were available from performance tables published by the NPD, excluding the intervention schools, formed the comparator for this study. These clearly included schools not involved in any STEM enrichment activities. It also includes some schools that were participating in interventions. This could dampen any effect size, but was the only feasible comparison. Trying to match schools could be worse, since the matched comparator schools might also be unknown treatment schools.
Study design using pupil level data
For the multiple regression analysis, students from these 300 longitudinal intervention schools were followed from the beginning of Year 7 until the end of KS4 (Table 2) . If a child moved school and new school details were available from NPD, the student was included in the intervention group only if both old and new schools were known intervention schools. Students who dropped out of education or left the country were not included as their records were not available from NPD. Similarly, new students who joined the cohort any time after the first year of intervention were also excluded even if they were at an intervention school.
Case selection procedures were based on actual participation as far as possible. This was important, despite causing attrition, to ensure a direct effect of longitudinal interventions could be seen in pupil attainment. It is expected that there might have been a few instances when students were absent on the actual day of intervention delivery, though it was not possible to check these cases and is one of the known limitations of this study. However, the huge sample size of nearly 80,000 intervention pupils reduces these considerations. Indicators used in the study
Maths attainment
School-level data obtained from NPD were merged with Key Stage 4 maths performance indicators, notably the percentage of pupils achieving 5+ A*-C grades including both English and Maths GCSE. This variable was chosen for the study as it was available for all academic years being considered, 2006/07-2011/12. Using the same indicators for all years reduces the chances of error which could possibly arise in matching of variables for comparison in a longitudinal evaluation. A grade of C or above in GCSE maths was thus considered a 'success' . Figure 1 shows the clear relationship between percentage of pupils eligible for free school meals (FSM) and the percentage gaining C or above in maths in schools. Schools with a higher percentage of FSM eligible pupils had a lower percentage of pupils achieving A*-C in maths, and vice versa. A similar trend was observed each year.
Eligibility for free school meals
One of the indicators used as a measure of pupil's poverty is eligibility for free school meals (FSM) (Gorard, 2012; Hobbs & vignoles, 2010; Shuttleworth, 1995 Working Tax Credit or Universal Credit. All of these are indicative of a lower socio-economic status and hence FSM eligibility was used as a disadvantage measure here.
Other indicators used in the study
Other contextual indicators linked to academic performances were considered in the study for regression analyses. These were gender, ethnicity, language group, and prior attainment in maths at the end of KS2. This is because the interventions were delivered from the beginning of KS3. Only state maintained secondary schools were considered in this study and the proportion of pupils with a statement of education needs (SEN) in this school was not more than 1-2%. SEN was also included as an explanatory variable.
Data analysis
The study explored the possible impact of STEM initiatives on school GCSE maths performances. The means of percentage of pupils achieving 5+ A*-C grades including English and Maths in schools were compared. The percentage point difference in achievement between intervention and comparator groups was assessed. The achievement gap was estimated using Newbould and Gray's approach (Banerjee, in press-a; Gorard, 1999) . They define the achievement gap as the difference between performances of intervention and comparator relative to the performance of all entries, minus the entry gap. Here entry gap is the difference in number of entries from the intervention and comparator divided by the total number of all entries for the chosen measure. Since these calculations are from snap-shot data, the entry gap has been taken as zero. Thus, for calculating the achievement gap the following formula was used here:
Pupils belonging to families with a lower socio-economic status have been shown to perform not so well academically. Thus school performance is negatively correlated to percentage of FSM eligible pupils in school. The analysis explores if exposure to STEM activities can break the link between SES and maths performances. Pearson's R correlation coefficient was used to study the correlation between school maths performances and percentage of pupils eligible for free school meals (FSM) in the intervention group and the comparator group. It was expected that the correlation coefficient would decrease if STEM interventions had been effective, suggesting that the link between poverty and attainment had been weakened. Mean maths attainment of 5+ A*-C grades (including EM) was calculated for the longitudinal intervention group before and after intervention-that is in academic year 2007/08 and then in 2011/12. Table 3 shows a breakdown of the various school types included in the longitudinal intervention group. Table 4 shows the number of schools at the beginning of 2007/08 that were registered for longitudinal interventions. Number of schools decreased by the end of 2011/12 as there were occasions when two nearby schools were merged to form a new academy. Thus for the first year of analysis the number of schools is higher than the last year.
Achievement gap for cross -sectional design

=
Mean attainment Intervention − Mean attainment Comparator
Mean attainment Population
The entry gap was considered for the longitudinal intervention schools. Thus the achievement gap was calculated before and after intervention using the formula:
Correlation coefficients
Pearson's correlation coefficient R was used, the possible values range from -1 to 1. A value of 1 means strong positive correlation-that is the higher the value of predictor variable the greater the value of outcome variable. If R is 0 it denotes no correlation-the factors are not linked. A value of -1 denotes strong negative correlation-which means as the value of the predictor variable increases the value of the outcome variable decreases.
Cross-product ratio
This is an estimate of the relative incidence of the outcome (attaining 5+ A*-C grades in GCSE, including EM) associated with exposure (STEM intervention). The cross-product ratio was estimated for mean maths performances in the longitudinal intervention group. For example in a table of the form: no change was defined as ad=bc or ad/bc=1. Here 'a' was the attainment of the intervention group before intervention, 'b' after intervention, 'c' was attainment of the comparator at the beginning, and 'd' at the end of the study. For a detailed discussion please see Banerjee (2016a Banerjee ( , 2016b and Gorard (1999) .
Pupil level data multiple regression analysis
Multiple linear regression was used to understand whether attainment can be predicted based on explanatory variables, to determine the overall fit of the model and the relative contribution of each of the explanatory variables of the total variance explained. For instance, this analysis tried to answer whether participation in STEM activity during KS3 and/or KS4 was a good predictor of maths attainment at the end of KS4. The continuous variable highest standardised points achieved in GCSE maths was used as the attainment indicator. The regression models used pupil background information such as SES, gender, ethnicity, language group, SEN status, participation in STEM initiatives, and prior attainment in maths as the independent predictor variables for the study. Current eligibility for FSM was used as an indicator of SES.
Missing data
Descriptive statistics showed independent and dependent variables have missing data in the range of 9-11%. For KS2 prior attainment in maths and science all missing data were excluded list-wise. This was because using a mean for missing data imputation rendered the data biased between the groups. However, for all other predictors missing data were treated as ineligible. For instance, all missing FSM were treated as FSM ineligible, missing data for SEN were treated as not SEN (Table 5) .
Pre-analysis data estimation
In order to ascertain that the data can actually be analysed using multiple regression the following pre-requisites were checked. The dependent variable used for the multiple regression analysis-highest standardised points achieved in maths was measured on a continuous scale. Amongst the explanatory variables FSM eligibility, language group, ethnicity, gender, SEN, and participation in STEM activity were categorical variables. KS2 prior attainments in maths and science were interval variables. There was a linear relationship between (a) the dependent variable and each of the explanatory variables, and (b) the dependent variable and the predictor variables collectively. This linear relationship was confirmed by the residuals, which was the difference between observed values of the dependent variable and the value predicted by the regression equation for each case (Figure 2 ).
Multicollinearity
very strong correlation between predictor variables means they are measuring the same thing, for example, current FSM eligibility and FSM eligibility during the last six years. It is then difficult to measure the individual contribution of each predictor and leads to inaccurate estimations of the relationship between predictor and outcome variables. In order to rule out multicollinearity, collinearity diagnostics were estimated. Tolerance, the amount of variance in one predictor variable not explained by other predictors, was checked. This value varies from 0 to 1, where a value close to 1 suggests other predictors do not explain the variance in that variable. A value close to 0 indicates almost all the variance in the variable is explained by other variables. For the predictors considered in this analysis all the variables had a tolerance higher than 0.8 (Table 6 ). 
Results
The headline result for KS4 school performance is based on the mean percentage students achieving 5+ A*-C GCSEs or equivalent, including A*-C in both English and maths. Table 7 shows that there was an upward trend with the average for all schools 10 percentage points higher in 2012 than 2008. The average for intervention schools was higher than for all other schools in every year. This reinforces the point that schools willing and able to volunteer for STEM interventions are not some kind of random sub-set of all schools. They already have higher attainment scores. The gap is probably higher than this in reality since there will have been at least some schools in 2007/08 listed in the comparator group but who were participating in a STEM intervention. The differences between the two groups were converted to simple differences between percentages, and into proportionate achievement gaps (Table 8) . The comparator schools, starting from a slightly lower base figure, gradually caught up with the known intervention schools over time. When looked at in terms of achievement gaps, no clear difference was found over time. This means that, on this headline figure, there is no evidence that STEM intervention schools increased their attainment any faster than the comparator. It is important to note that this is not a question of merely dampening the effect size because only some intervention schools were known. Known intervention schools did not improve faster than another large group of schools, the majority of which did not undertake STEM interventions. There was no positive effect size. Educational attainment is known to be linked to contextual indicators like a lower SES measured by FSM eligibility (Noden & West, 2009; Strand, 2014) . The percentage of FSM pupils was a strong predictor of school maths performances. The links between these are summarised as the correlation (Pearson's R) between the percentage in each school reaching the KS4 indicator and the percentage of this type of potentially disadvantaged pupils. Table 9 shows the value of R is about the same every year and between the two groups. The more FSM pupils there are in any school, the lower its attainment is on average. This is already wellknown. The key points were whether the link was different between groups, and whether there were signs that the intervention groups had somehow reduced the strength of the link over time as a result of the interventions. The answer to both is 'no' . The comparator groups had a slightly higher proportion of FSM pupils, again making the point that the intervention schools were slightly more privileged at the outset. Both groups increased FSM, perhaps as a result of the economic downturn from 2008 onwards. But the link with attainment remained the same in both groups. There is no evidence here that STEM interventions improved outcomes for less advantaged students.
very similar results were found using the longitudinal intervention group of schools which enrolled the Year 7 cohort of 2007 to STEM interventions every year as they progressed through secondary schools. Again, more children from both intervention and comparator schools attained the 5+ A*-C threshold including English and maths (Table 10 ). Intervention Table 7 . Mean percentage of pupils achieving 5+ a*-c GcSes (including english and mathematics). Table 9 . correlation between attainment and fSM eligible pupils. schools achieved higher than all other schools, both before and after intervention. However, while the intervention group showed an improvement of nine percentage points after intervention, the comparator improved by 11 percentage points. This also meant the percentage points difference reduced from four to two (actually 3.97 to 2.43). The cross-product ratio was also estimated for this table, and was 1. This means no change was noted in attainment before and after intervention. Achievement gap was calculated between the intervention group and comparator using Newbould and Gray's formula. Mean percentage attainment was considered for calculations. The gap lowered after intervention because progress in the comparator's attainment was higher (Table 11 ).
All of these ways of presenting the findings show that the intervention group of schools did not make more progress than the comparator group. If anything, the comparator group appears to be catching up with the intervention group, for maths outcomes at the school level.
Again, the intervention group started with fewer FSM pupils (Table 12) . Both groups show an increase in the percentage of FSM pupils over time. Both had the same level of negative link between the percentage of FSM pupils in each school and school attainment, and both improved this slightly to the same extent. This also indicates a greater improvement was seen in comparator than the intervention schools, and cannot be attributed to the STEM activities.
Multiple linear regression analysis results for GCSE maths attainment
Independent variables linked to maths attainment were included for analysis. This means all variables chosen as predictors were entered into the regression equation and contributed to R square. For model 1 below all explanatory variables excluding STEM intervention were included. The model summary suggests that together the explanatory variables KS2 maths prior attainment, SEN, SES, gender, ethnicity, and language group can predict the outcome variable of highest standardised point scores achieved in maths with an accuracy of 76.6%. Adjusted R square was 0.6 suggesting that the model is good at predicting maths scores. However, for model 2 when STEM intervention was added as an independent variable it did not appear to change the R or adjusted R square values (Table 13) .
Conclusion
Mean maths attainment for all schools increased from 2007 to 2012. A higher percentage of students achieved 5+ A*-C grades or equivalents including English and maths GCSEs in intervention schools every year than the comparator for both study designs. Attainment gap was however exactly the same each year for the repeated cross-sectional design. This meant the improvement in school performances was of a similar order in both intervention and comparator groups. However, the achievement gap between intervention and comparator narrowed down significantly after intervention for the longitudinal design. This was because comparator schools had improved attainment more than intervention schools after intervention.
In most analysis intervention schools had a similar or slightly lower share of lower SES pupils (school-level deprivation measure) than the comparator. A strong negative correlation of similar order was seen in intervention schools as well as the comparator group. This suggests correlation of school attainment in maths with percentage share of FSM pupils was not affected by STEM intervention. If STEM interventions were able to negate the effect of school-level deprivation factors such as SES it would be expected that the values for correlation coefficient would be lower for intervention groups as opposed to the comparator. This suggests there are perhaps other factors linked to this improvement that need to be investigated.
STEM enrichment and enhancement activities were run to motivate by increasing knowledge and improving understanding of these subjects. It is justified to expect that a possible outcome of participating in these activities throughout secondary schools as in the study reported here, can raise maths achievement in standardised national tests. However, the results reported in this paper show this did not happen. The intervention group did not outperform the comparator, in fact the comparator seems to be catching up. The findings provoke the question why is this happening? It also tries to understand why the results obtained are what they seem.
Limitations of the study
The quasi-experimental design used here is perhaps the most practical option for conducting outcome evaluations in the social sciences. By using pre-existing groups, such as individuals already enrolled in STEM enrichment and enhancement activities provided by others, it makes an evaluation possible and avoids the potential ethical concerns involved in withholding or delaying treatment or substituting a less effective treatment for one group of study participants. The significant limitation of this design is that without randomisation, the study groups may have already differed in important ways that account for some of the group differences in outcomes after the intervention, and which cannot be controlled for by the analysis. In other words, this design provides practical but comparatively weaker evidence of programme effects than one that uses randomisation. In the absence of randomisation, a matched comparator group can provide a good estimate of the effect of the intervention. A range of effect size estimates was used in the study, showing the difference between the intervention group and the comparator. An ideal matched group for this study would have been schools and pupils from schools who have definitely not participated in any STEM schemes, and such schools clearly exist (STEMNET, 2010) . However, it was not possible to identify such schools, and so the compromise selected was to compare the known intervention schools with all other mainstream schools. This is likely to reduce the estimated effect size for the intervention, but should otherwise provide an unbiased estimate of whether the intervention was effective or not.
As is true with any longitudinal study, it is difficult to attribute outcomes solely to the intervention. This is because every child is exposed to a range of societal, familial, and school related factors during the years in secondary school, apart from these STEM enrichment and enhancement activities. Some of the former might ignite a passion for STEM and some others may turn students away. Owing to the long time period involved in this prospective longitudinal study, it is difficult to ascertain with certainty that the educational outcomes in terms of attainment and participation are solely due to the intervention. It is quite possible that several factors have led to raised/impoverished attainment and continued/discontinued STEM participation. Of course, this only matters if such other factors are biased in terms of intervention and comparator schools.
Recommendations for practice
There are indications that school performances are gradually improving over the years. A range of factors affect students' subject choices including but not limited to their attitudes and aspirations. It is difficult to link educational outcomes such as attainment to only STEM activities. Several factors act together to improve attainment, and increase and widen participation. This study has focussed only on attainment in secondary schools, though it is equally important to understand how young people's attitudes (Banerjee, 2016a) , motivation, or desire to continue with the subject are impacted by these activities (Banerjee, in press-b) . Similarly this study has considered the population of secondary school pupils in England who took GCSEs; other qualification routes and different age groups of children engaging in these activities should be considered in further research.
Research findings suggest STEM enrichment and enhancement activities have not been phenomenally successfully in improving school performances. These schemes require huge investment of resources-in terms of staff engagement, time, and money. Given the high priority STEM agenda, if these schemes are not working perhaps the money should be saved and used elsewhere. Academic literature identifies robust studies in the UK and elsewhere, which have been clearly effective in improving cognitive development of disadvantaged pupils (for a detailed discussion please see Banerjee, 2015a Banerjee, , 2015b Banerjee, , 2016b , raising academic achievement, and sustaining pupil interests in STEM. This will ensure that with a similar or reduced investment better results are obtained. Rigorous evaluations are required to understand what works. Some under-researched areas have been highlighted in this paper.
